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Editor's summary

Thermoelectric materials interconvert heat and electricity, making them useful for °
both power generation and cooling. Qin et al. present an overview of recent devel-

~
opments in this field, driven in part by the discovery of tin selenide, a narrow-gap

semiconductor that was not an obvious choice as a thermoelectric material. a
However, a decade ago, tin selenide was shown to have a high thermoelectric effi- @
ciency. That discovery and further refinement of this compound have been impor- =

tant for developing a new generation of thermoelectric materials and devices. —
Brent Grocholski
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The development and impact of tin selenide on thermo-
electrics
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Editor's summary

Thermoelectric materials interconvert heat and electricity, making them useful for L
both power generation and cooling. Qin et al. present an overview of recent devel- e
opments in this field, driven in part by the discovery of tin selenide, a narrow-gap
semiconductor that was not an obvious choice as a thermoelectric material. a
However, a decade ago, tin selenide was shown to have a high thermoelectric effi- @
ciency. That discovery and further refinement of this compound have been impor-
tant for developing a new generation of thermoelectric materials and devices. —
Brent Grocholski
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Power efficiency of photovoltaic cell is significantly affected by the cell tem-

)] Check for updates perature. Here, a self-recovering passive cooling unit is developed. The water-
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SR 2 E AT TR RCRIBCE R B R T AR
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2021a) A% [E B ISR R BT, B R A

(UNEP U4E n.db) 2T HERAEEZ—HAhi TR
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AR Ath DX 5 4 A1 1E 7 ] 5 38 A 3R AT ) ) MEPS 19 2% 2k
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Gy %ot e | SRR BB K
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LRI A MASREG (Agyarko 2020) , AR R
N, TR FATHARHIE KT, A28 ME KL T
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A 25% il 24 i B il v 7 U (CLASPAIIGSD
2020) , AR ANASTEA AR S PP BRI E T T
BN B R AT, HEER TR 2 RE, LA

BR s GWP IV A At G , B IR AE (S AR BUE
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A5 FE UG AT LAJE 1 S A 1 ANB B 5 DA B H At Rl
FHLH (WERTE) RbEm PR B e & ) A
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SR &t B AR XA TR ) RTE . I8y Bk
M (LEEam) , BERERE, Bahi & a] DAY B d
YIHIBERERE{K8%~T0% (Song et al.2021)
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HAGSNER (35%) Al EEFME, HA32DIE



JRFIETE il 7 A0 A A HALTE (UNEP & BRH A i
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i, TG S RE TR SR S B RE TR B
RIS T40%PA L (20224 RERRER)

SRS — S AP FE SRR R, (AT
HAL RS R e R W5, M EAWZER,
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PERT DA — N EESRNG, A Bh T O F R A
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AGEGEIEL, URMBEIRECE, PRA BRI G125
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SRR T F AL, A E R R SRR
SRS AL .
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EAMEPS, ERATMERNITH

HUMSRE, MEPS, #EHUHLTEFIHI AT 2 A
REX Y AT PR AR, BRI Y R I AEHESE, DARRR
BRI H AR 2 PR SE R SATE . s RG WP v 5 i
B, PEE R RAR L RETRAE S (LAES-1 R T BE
WRIRBIBI) o EEGEATEIT IR TiX AR
EHUHEZRE) — AT, ERESHIEZ MR, e ATt
R 1A, AR BEHTECR 5 B BOK R E & AIAN R,
M SR B 2 B . X — RCRFAE R TR 12
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SHHBHETIEN

Wl XV SR SR AN, A E BURFIE TR R i E 1%
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B 3-1: ROAR: EEEFESTREREER
FI20104F DA, EEIRRFE XA RIR W T — AR5 5 7E D @ S FL 2 BEFE R BRI 2648 (K
3-1) , HBCRATFRREHII S, TERAIUE, BOREFASBOT, RRIEREAEARREIEREMBEIRRCR
foE, XLEERHA2014EDAREBA CESTAEBAG , HFEORIERFVFNEE RS, X T Hle A
PP, BRI EHRIEVUA R AR E TR AR E, FARIEH TR ST =W REIRE L
JEEFF BURF IEAE -5 [ WARAT AN E PR AR BUR L ST RAH GG 3, (B (FNiaal) Az e 2
BTSN FCHEE RIS AR B ST s ASAE RIS B K — A At SR R s S TR I 4
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KT SR BRI A T A R U TR 38 2-17-T46 5354 2019
A SRR T 2019
23 JFMEPS 2018
E X HETTE (NDC) 2016
MorSEFE 2015
KT BT 52-13-874 544 2014
JEE Y& EFARIENM 14.2.300 2010
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i, PASCHRRIa R RO A RO B I, A
FAE R SRR B BERY J7 R ek . 25 FEBURF AR
SONRE, B SE DR, AR B B2y ML
—AunEls, AR, AR, AT TR EE.

ENOUGH @ —Hi#E %5 H KT, A I4ER Tt
R, TS TR B OB E R DA AL, e E AR
304G 1ERRE (SINTEF 2023) %35 H 45 SRR B Y
“MRIAFNAE R g, FRALARFAERAR TR AR
TrEE, F20304F R = AR, SRR Tk E
20504F LR AR S5 7 . %50 H KA R S EEHE AT
MHIFEE, HlE B E (R, BUAFIS) , I
FERBF A ReEdE TR, AR bR R & ey st
FIRETR B AR, B RS AR AT 20 R 3R 1Y
B A AR SR
ERHSMMALRT X

40 ZAEFKGE TEZEGR T (NCAPs)
ORFE MR TSI IG SR A5 008 1) 2 NBER—25,
TS IEAERA A, FERRTERL T SR MFNEY, PR E
FNSRPGREF DA S ], B BEAD B RE e PE A5 &R R T 1
FHNATETRI, P73 (WA, BHetin, B
ISR E) AR AR (WE b E, sofzE,
Wi 2= RANZRE) B—ERECRA TE RS 1TET
R, ARG E PR R TR A, AR 2023
10 H, 25 AMEFIEATHER NCAPs R FEBrEL .

£ 3-2:
FIESBTHIY: SERTHFEEELER

It 5 1t 75 R DS EORF TR EI W A AR M, AT FR AR A 5
M TR SRR skt SilATahFa R —MELRIR, LETEHE
BAE IR, DATE B Al BRSREE A A e R LA AR AR XL AT

%uﬁO

% & AT PR RIEZE S 5 1 P T M XU Rl . € m iR i
X, T PR DA ST IS DAL I E R SL . T AR IREUR
THRZ—ANAERAI MR E, 8 90%hidE Y m iR AR 77 2200 H a3 i %k
e, — A hAarki PR EAE R BIEEIE LA,

EEA T4  (heatactionplatform.onebillionresilient.org) 2 F i £ B 2o
BT fHRp- 8 T AR A e @M G B E MR AR B U A U R
Ui e TR BB R L BRI AR S REIR LY . AR5 QIR . R LR

Br (RMI) FIH AR InIL I &0 .
sEVE . Atlantic Council n.d

R e A7 itk (NCAPs) ol i@ e i
RNV A BRI . EATA B T3
MRS MRS BCRANCF I, SR RIRAETRIERENS
#E (MEPS) | BUREHL. v I8 DA S R il v i 4
feft i Ry R AR . XL e S AN R AY
BUFHU SR AT EE, filansk BREIR, Tk, $ORFIR
A, BREE, SRR AL PR e VR R A . AR
BT, NCAPsfi#% E RER IS 6T 4 T 5K 0.
RV AN ST, AT AT AHES v T [ 5 A
EUGEH R ERAL s AR BRI, Tl
TANESERI TR, AAREIRARAM A K ES S,

NCAP {ySLHifs SLfrfE2E 5. JRAE—SEE R (AnE
JERIE) TEH NCAP APl 7 Seitat/Li], (R HfEvEDT e
Bongtg ., SRR ATE T (EIEEEUR 2019
), FERATERE TEEE RIS TS,
BACR 1.6 TTLFETT, XA 370 1wl (i
FURAT 2022a) N T BN BOXARRGI LS, NCAP I
AR NEEERI]. BEHLM. ERIEE RS SRITRE, LA
BRBURR ¥ B Se % i (R A [ PR AL R 2 4,
2021a) , RS E A XA S5 ] R A
WL A B THERE 52 ] E B FHEL ., 4Bk
RER, UIFRGEIGEIRIEEN, CApFth—Ff
NCAP % JeJrik, A&ERE TAHS R (KE
[EFREE AL 2, 2021a)

90FhERISIR
BIRERISE , ¥
BT EEIRi<.




SN ERCEFIE T EIMZHEREM IS,

EREENRZ, 87TIMERCAHE T HE ZiE
GRAE VTR AT, B R R R P R AR R %
BN TR, W2 EZGE%H T miRfrantkl (L%
143-2) , X [FERA BT R AR AT PR R 5 SRR AT SR
A B PGR . SRR T R 20034F B HGR T i E
f, ETE R BRSO RS, R
AR s IR I 1, DAPREEA DR Z24 (Climate-
ADAPT 2023a) ,  Jb.thHiiR [E 5 il BT 3 i1 3
T MIMEREIR AL, Ba T RBERIEOR, HRE
IS5 7 DAL 53 BE B PR A8 B -5 v i A 5 1) 18 R 280 B
(Climate-ADAPT 2023b)

BEISITHIRABERBERE (Nationally
Determined Contributions, NDCs)

A RFEE VI N A FE AR I EL AR M S T H 5
BR (NDCs) HE L7 T A4 AR . BT 32050
A, A ST 7= A 23942 — A A A HERL, A
TS RERHEIUN 5%, FENDCs H B A 2 B2 il v i
MR RHIEUER I 0r A R G 58, SCRAHEE
fite, VASEEUHE) AR A bR, R BA R A
SRl 1
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) nI AT S R 58 HENDCs, 3 passively
cooled FHH, H R AR A AR, DAMARSERAZE S
B8 (GWP) (<30) HJUK4fi (Clean Cooling Collaborative
2021) .

BEAHIHANDCIE S, FHl& IR e, &
1 TENCAPYE R —TJ0&E V5t (SEforALL 2022b)

W ZE G E T2 NCAP, HEHBIT )G
FINDCH A T R B R 6@ 15, B R R wshi®
AR A B AR T, WERAS TR BT
(Kingdom of Cambodia 2020; Kingdom of Cambodia
2022; UNEP2023b) ,

7R e 7 HL S B3 205 04F 2 HE R | 8 AR AZ AL ik
W DA K BB S HONDC A, ARG 525 RSk i ol v& A0 5 5l 5
W, [ B P v B LA HE RO e R AL AL & 257
(Climate Action Tracker 2022; Socialist Republic of Viet
Nam 2022; UNEP Cool Coalition 2023)

BREESTE

PP HE W 2%+ 0 S 0%, R EAE A m Al K7
| G i 2 T AT PR T 140 ) R e 2 3 24 ff e
g, BRI BRUA S BRIH SRR 5 7T e S i ok
TTRAFAEGRIE, SERIBHRLZ, VASCE R I 55 iAS
iR DR B8 ) B T AR A M AR KA DIV B R e W] £
S, WRAEIRNIE T AT % 1T AL oR SR TIRRE
(LEH3-3)
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PEBtRy . ACESIRHEdEE R AR, HESIEHT, EHimlile, HahE., WRmsREste, RRHEER

DA EBOR

ACESHIFSHERRAATE, MLTRMAR S RSP, TFREEDITE, MikHiis, HHEma,
R A R R RS, X 2 TR S 3RS %ol SR AIRIR L (SPOKEs) ARAAHL, XLLrhLff
JRIR R TT SR AP E S PR B SE Y g, R Mk SR> | SEUNFIAN RS DA SRR 32 B
MI5CRF, #—ASPOKEIEAEH W IT 4, TRITERE —HrBIt kA sb =1

ACESHIME AT B S BRI 45 UL, 5 BV AY 53 Sh A sl i A (RT3 ER A ey B I
M) o FEAERKZTE, IR R R R AR KR AN SRR, BT AT RS2t DX v MV BE AU T
R, FRUOR G E BT & T R RS, B IR SRR AR LA ] R SR 28 B R AR KA E ) 1737
TEZEWZ T, ACESIEAERE THEBRAIHE T, BHA TR MERZ TR, AP

HER AT REH ORI RSNE R
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H, WEZGENITRIAS ., ERZHATEhi R, et
T—AEEN S, IS EPAEE S HAHUEH SGE
HREML =, R, RAEIONEZ, K2EERRER B
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AERER (ILIE3-3) o XRPEOFZESR, MEARE RIH
AUHBDS, AU, EINFIRL T SEY, TRy SR AH Y
MR, [FRE, IEANRTSCArHERY, ANREAEZHE R
H R R RO A V2 B A R P A | 2 R T R A
R o

HAl, @ld sz —mANaBEaToEFEE
71, BATEPAF A EER RS (CDC Group 2019) , 5
HVARENNG K KA, FEXF LT, BiEh T
(L% VA B AR EL R R T 58) ASLTAT 1) I fife e
TERPASREFIE R B REREE (ZIHS2T) . B&
UERA, BEE LA B SRR T ) AR 7 SR W AR A L
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M
M 2
RRM |2
RT =M
FfnEntt
deEM

RiFM

#H 2

7 54
0 20 40 60 80 100
ZEMHE@
N/A BRBGEtEME W RERE B BHBURRAHIE

RAEHE

El3-3: EiE2023%F58, 8B (a) EREFISBRM
(b) #2 o RMEIENS XIGEERDER

- MDA 12 C R (Schwaab% A, 20214F)

S8 NABIRIE R, RA20EKHIE TA X
IV B BURF BOR ST, TR o il B B A
BINSRME B SO . P A AR N B R FL A R R A
YA ENEE . BN RE R PU AN G R O30 2= L0 s PA S AL
T RVNBRHE A i 2

ETEMES AT TREEGE, FEES
AR BOR TE T R 3T A AR PR3 JE LR AR Y
PRI, R R B TR TR REASAE TC AL EFE A (3t
ARERIIT LT TARREIESAR . 75— FREMIEBOR
AR i B R . AIREE A KT VIR
| (R T R s AR O, R
PR BRI E K (ILIE 3-3) , AN /R =AU TR,
AT PABCRE H v RIU H A, R R A AR S B B
REJRECR
IERILBEITT RN, FLEREHRE

Bl X B R KA, W AR
BB AT AR RS Lk, R E ML e, U
HEX AT ERE, =RV AE 2R GO T30 e X LR R
A AT ARG K F/ R B X EE, O
JEf (UNEPHIFAO 20224F)

HAl, EFA4NER, KA IAEZ—F
e, EAEAREHEYHRREI, F R AR L
AEZ (ILE3-4) . i, RAHPEK (32%) 1k
TERERHERTE, PARUIMEBYIRR, WHERE 2958
1o P v B T YR A Y A R R
FEEAR, IR LA TR YA E R (Rodrigue
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BIANEHRXEA LA,



2020) , JRAETETTRAE IRA R E NI AT X B e
HERREE, AV, ARV, WCUHAIRL T e
G AR S VB PRI B AT B I R RS R A PR A

— LB E R DA ZZ TR BT B A EUR FEiG
DA B R AR R B P BE . 250K, 20154F,
B RE | G BE A e Dol AT T B VA, B RIS
AL R BT FE S BRI, (R BERF R RIS
MG T R TBRE T A B S B AT Y 3 B S S BE R S
(UNEPHIFAO 20224F) , g th 4RI T iz B
fite, #lE T ANEREESRIER, BT KES AR
BRI R (LEA23-4)
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H 2019 4Dk, FARAT B RE PR AR B R Bt
X (ESMAP) RymRtiihilieit4l (ECCP) B7E30 %
MERGEE T 40 ZAEORE TGS, VARl F7 2l
VR TT SEAE BRI (SPHe) o T e
) PAROLA L, (£ i) STUuigiE, B,
ECCP BB 5 4232 0r 4z AFL i fe 2 AT R SZHRe T
i INL T 5 e 7 AL A v B R KR, IR E AN
10% B HERIFIRE] T RIEFA AR, %500 B W4k & AL
iR TR H e TR KT T RS W, HEE TETE
AT SEfR R T SERBOR A (ESMAP 2023 4F)

R —EET TR MARE RECRHEZ, REER Y BRI H & RERTF KA N E RO, A1, EEMRTE
20224 AR P EF IR A [ URAE MR & (COP 26) SKIBUAEEHMZ AT, HIFH AP AHEE F5. B AT A

ok, MEEEE CEZ TR D

(NCCS) K H:Ail & s 5 HARxt5e, BESL 20504 B ZHEL,

HARBTHSIA5EHE (MoNRE) JHT & BIR 2 A, JoBE &bl s ks et TR, 7
R, BRRISHER R R A S TR, SRR,

NCCS H ) K S SR M A 5 3 SR ik T 2 it 28 i AR it i i, 0078 R e B v B B Atk B ftE AR A & )
PURFIBEIRHRRL, FFChtifm RSN R IAM . AR QISR Ps, RS &, Rk
ST RIS F AR TT 58, PASEBURTFRZEr il v 2REL, - [R]0 RE I 6 I AHFCYR A€

BRI IEAE ) — T E R ER TR, BFEBE g G LB Hle, 5H20224 5 i [ R A E br
HSATFAITR A —2, RIEHERHREZR A LT (NDC) |, ZTTRR T 1 20304F i v #B 1 TR 2 <
AR, EHSRINDCRET TR R TR, B EEIR A RN EIAT AR . BORFITHER 2 3%
TRERRAN Hh v T S B BRI AR S22 28t L e i,

WEIET GRRESUE (GHG) HERSLAUR R I 4)
PRI SBEATI Ik, R RIS R TAUA T IS HEZE,

(Decree No. 06/2022/ND-CP) SREL T —7Ff
MoNREZEGHGHE T i I HEZE 135 B 44

AT HIVETTTE . BT HVEHIRFIEARSL, R He AN T IR GHGHER AV, Hor.

RENGHER, AFCHRDER (RIEN, DAk, TE. WH%) PESRIRE SR E AL,
FHRBUH RO HR . IRIEASRIPATHESRR, BRECR st 4er R KA S (RLA AR, Sk

FE91,000ME A A28 ) AR UARE R

RLAE RN Tl 57 55 A A B AH S AR ZeRF A 1 R 2022 4FNDCHILRE 120304 3B 138 2 Ui HE )

il Ve /E2920224ENDCH ) — A AR TREAA AL,

3.4 T[IFEFISMRARNTHIAESE
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FOOD PROCESSING, PACKAGING AND STORAGE
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APR 27-29,2025 | Shanghai New International Expo Centre
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FBiE: +86-10-64934668-617/611/610

fEH: +86-10-64938558

WIHE: www.cr-expo.com

HR#S: xuelongyun@biec.com.cn
kanglu@biec.com.cn
zhouboyu@biec.com.cn
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